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© Spent ferric chloride etching compositions are regenerated by electrolysis which includes introducing spent 
ferric chloride etching composition containing total iron content substantially equal to the original total iron 
content of fresh etching composition into the anode compartment of an electrolysis cell that contains an anode 
compartment, a cathode compartment, and an anion-exchange membrane separating the compartments, and 
applying voltage of +0.6 to +1.5 volts versus a saturated calomel electrode to the anode. 
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Regeneration Of Spent Ferric Chloride Etchants 



The present invention is concerned with an electrolytic process for regenerating spent ferric chloride 
etching compositions. In particular, the present invention is concerned with an electrolytic process for 
regenerating spent ferric chloride compositions without concomitantly generating chlorine gas. 

The inventive regeneration process for ferric chloride solutions is highly efficient and can be carried out 
s at relatively rapid rates. 

Ferric chloride compositions are extensively used commercially such as to etch various metals 
including steel, copper, and aluminum. 

For example, the etching of steel employing ferric chloride solutions is important in the manufacture of 
stainless steel print bands for impact printers and for integrated chip carriers. 
10 The activity of ferric chloride compositions diminishes over a period of time of use until it reaches a 
point where etching with the composition is no longer satisfactory. The decay or diminishing of activity is 
due to the reduction of the active ferric ion to the relatively inactive ferrous ion caused by the etching 
reaction itself. As the etch rate decreases, the amount of metal removed per unit time likewise decreases 
and, therefore, the quality or throughput must then suffer. However, frequent dumping of the etch bath 
15 becomes a problem since it leads to large volumes of waste products that must be treated before being 
transported as sludge. The treatment of the waste products is a relatively costly matter. 

There have been various suggestions to chemically regenerate ferric chloride solutions. Such sugges- 
tions have included oxidizing with an oxidizing agent such as chlorine, ozone, or hydrogen peroxide. 
However, these methods are not desirable in view of safety and environmental concerns. It has also been 
20 suggested to regenerate ferric chloride solutions by aerating or oxygenating. However, these procedures 
tend to be relatively slow and do not adequately keep up with the rate of formation of ferrous ion during 
high volume etching procedures. 

More recently, there have been suggestions to employ electrolytic regeneration of certain ferric chloride 
compositions. However, the processes suggested are not entirely satisfactory from a standpoint of 
25 efficiency and safeness. Also, many of the suggested processes for electrolytic regeneration result in the 
generation of a significant amount of chlorine gas at the anode. 

The present invention as claimed is intended to remedy these drawbacks. It provides an electrolytic 
process for regenerating ferric chloride solution that is highly efficient, safe to carry out, relatively fast, and 
does not concomitantly produce chlorine. The electrolytic regeneration process of the present invention is 
30 compatible with high volume manufacturing processes since the process of the present invention can be 
carried out at a relatively high rate. Furthermore, in view of the extremely high efficiency achieved by the 
process of the present invention, the process is quite compatible for those industrial processes where high 
quality with low tolerance processing must be observed. 

More particularly, the method of the present invention is concerned with regenerating a spent ferric 
35 chloride etching composition without generating chlorine gas. The method comprises providing an electroly- 
sis cell having an anodic compartment containing an anode, a cathodic compartment containing a cathode, 
and an anion-exchange membrane that separates the anodic compartment from the cathodic compartment. 
Spent ferric chloride etching composition is introduced into the anodic compartment of the electrolysis cell. 
The spent ferric chloride composition employed has a total iron content that is at least substantially equal 
40 (e.g. ±10%) to the original total iron content of fresh ferric chloride etching composition. A catholyte 
composition is provided in the cathodic compartment of the electrolysis cell. A voltage of +0.6 volts to 
+ 1 .5 volts versus a saturated calomel electrode (SCE) is applied to the anode. The spent ferric chloride is 
thereby regenerated to provide the ferric chloride etching composition. 

The process of the present invention is carried out in an electrolytic cell. Electrolytic cells are well 
45 known and commercially available. Therefore, a detailed discussion of such is not deemed necessary. The 
preferred type of cell used is referred to as a plate and frame flow cell. Such are commercially available, for 
instance, from Electrocell AB, Okersbergo Sweden under the trade designation ElectroProd cell. Of course, 
other types of cells such as 2-chamber tank type systems can be used if desired. In any event, the 
electrolytic cell will include a cathodic compartment that includes a cathode, an anodic compartment that 
so includes an anode and an ion exchange membrane separating the cathodic compartment from the anodic 
compartment. 

When the cathode reaction is the reduction of Fe 3 * to Fe 2 * such as in excess spent etchant, the 
cathode is preferably composed of graphite felt which is a high surface area graphite. Graphite felt is 
preferred when Fe 3+ reduction is the cathode reaction since it gives high efficiency with minor side 
reactions such as hydrogen generation. Examples of other cathode materials are other types of carbon and 
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precious metal cathodes such as gold and platinum. However, platinum is desirable only when hydrogen 
• evolution is the preferred cathode reaction such as the neutralization of spent acids. 

In plate and frame type flow cells, from about 0.5 to about 10 liters of cell volume per square meter of 
anode area are normally employed. The ceil volume will depend upon the amount of flow desired, spacing 

5 of electrodes, and membrane employed. Also, the electrode area depends upon the amount of regeneration 
desired per unit time. These can be readily determined by persons skilled in the art once aware of this 
disclosure without undue experimentation. The process of the present invention can be carried out in 
equipment other than that discussed herein such as a simple 2-chamber tank-type system. 

The anode material employed should preferably inhibit chlorine evolution while, at the same time, 

to catalyzing the oxidation of ferrous to ferric ions. A preferred anode material is available under the trade 
designation DSA® oxygen pH<2 which refers to a dimensionally stable anode and is composed of platinum 
and iridium oxide on titanium. The pH<2 type has a platinum or palladium underlayer between the titanium 
and plattnum-iridium oxide layer. Other anode materials include valve metals such as titanium, zirconium, 
tantalum, and hafnium and alloys thereof as well as various carbon and graphite electrodes. In addition, the 

75 anode can include a non-passivatable material that is resistant to the anodic conditions such as, for 
example, an oxide or mixed oxide of at least one metal belonging to the platinum groups such as a 
ruthenium and titanium mixed oxide. 

Separating the anodic and cathodic compartments from each other is an ion exchange membrane. The 
ion exchange membrane is an anion exchange material in order to prevent transport of iron ions across the 

20 membrane so as to maintain near 100% efficiency for the process. Anion exchange membranes commer- 
cially available include Raipore 1035, ESC 7001, lonac, and preferably the Neosepta membranes including 
Neosepta AFN-17 and Neosepta AFN-32. These Neosepta membranes have a polydivinyl benzene 
backbone having quaternary or tertiary ammonium salt ion exchange groups. The preferred ion exchange 
membranes permit high current flow along with high selectivity in the process of the present invention. 

25 Another suitable ion exchange membrane from Ionics is designated 111 BZL 183 and such is essentially a 
polymer of vinyl compounds containing quaternary ammonium groups and tertiary amine groups. 

The membrane area for a typical cell of the type discussed herein is typically approximately equivalent 
to the anode area. 

The sidewalls of the cells are usually made of a non-corrosive non-conductive material such as 

30 polypropylene, polyvinyl chloride and teflon. The anolyte employed is the spent etchant The spent ferric 
chloride etching composition employed will have a total iron content (Fe 3 and Fe 2 ) that is substantially 
equal (±10%) and preferably equal to the original total iron content of fresh etchant. This total iron content is 
typically maintained since one way of carrying out the actual etching involves monitoring the specific gravity 
of the etchant and maintaining it at or near the original value by adding water when needed. The measure 

35 of the specific gravity will reflect the total iron content of the composition. In the event, the spent etchant to 
be regenerated is not from a process whereby the original total iron content was maintained, then the spent 
etchant employed will be one that is diluted with water. In such instance, the spent etchant is usually diluted 
with water and HCI by about 1/10 to about 1/4 (i.e. - to about 90% to about 75% of the original) and 
preferably about 1/8 to about 1/4. The dilution of the volume of the spent etchant in such situation is 

40 necessary in order to prevent excessive cell voltages during regeneration. 

The following is a brief discussion of the manner in which the magnitude of the dilution of the spent 
etchant can be determined for achieving those aspects of the present invention when it is necessary to 
dilute the spent etchant. For simplicity, it will be assumed that the stainless steel being etched is 100% 
iron. In addition, it is assumed that the concentration of ferric ions in a fresh etchant is Mi and the etchant 

45 volume is Vi liters. The chloride ion concentration is greater than the concentration of ferric ions and is 
given the value Ni. In the event 1/2 (Mi) ferric ions are employed to dissolve iron from the material being 
etched, then the composition of the spent etchant is equal to Mi/2 (ferric ion) plus 3/4 (Mi) (ferrous ion) 
plus Ni (chloride ion) plus (Ni-3Mi) (hydrogen ion). The volume of the spent etchant is approximately Vi 
which is the volume of the fresh etchant. As a result of the etching reaction, the combined concentration of 

so ferric ion and ferrous ions has increased to 5/4 Mi. Therefore, in order to efficiently regenerate the spent 
etchant composition, it is necessary to restore the total iron concentration back to Mi before the 
regeneration. This is achieved by adding to the spent ferric chloride etching composition 1/4 (Vi) liters of 
(Ni-3MiHCI). The anion exchange membrane will allow transport of exactly enough Cl~ during regeneration 
to compensate for the chloride associated with Fe 3+ (Fe Cb) but will not compensate for the original HCI. 

55 Diluting with (Ni-3Mi)HCI prevents dilution of the original HCI. 

Since the anion exchange membrane employed results in the transport of charge across the membrane 
due to the flow of Cl~ from the catholyte to the anolyte. the CI" concentration of the anolyte of Ni will be 
achieved upon completion of the regeneration. 
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The total volume of solution after the dilution with water is 5/4 Vi liters. However, only Vi liters of the 
diluted composition are transferred to the anodic compartment of the electrolytic cell. This will ultimately 
result in the original volume of etchant being regenerated. If desired, the catholyte employed can include 
the remainder one-fourth (Vi) liters of spent etchant and preferably 3/4 Vi liters of NtHCI. The additional 
5 HCI is added to the catholyte in the cathodic compartment of the cell in order to ensure that the volume of 
electrolytes in the two chambers is the same and equal to Vi liters. 

Furthermore, the introduction of additional HCI is preferred in the catholyte since such increases the 
concentration of transport species and prevents the cathodic reaction from becoming the "bottleneck" 
during the anodic regeneration reaction or from increasing the cell voltage substar : ally. Accordingly, the 
w above procedure results in an anolyte composition containing 2/5 Mt ferric ions, 3/5 Mi ferrous ions, and 
Ni chloride ions; while the catholyte includes 110 Mi ferric tons, 3/20 Mi ferrous ions, and Ni chloride 
ions. 

In any event, the preferred catholyte is excess spent etchant formed from etching iron, diluted with 
water and HCI. 

15 In the anodic compartment, the spent ferric chloride of the original composition is regenerated by the 

following oxidation reaction: 

Fe 2 -* Fe* 3 + e" 

The competing reactions are: 

2Cr - CI 2 + 2e" 
20 and 

H 2 0 -* 4H* + 0 2 + 4e~ 

However, these competing reactions are avoided by controlling the potential at the anode between +0.6 
volts to +1.5 volts versus a saturated calomel electrode. 

The particular potential employed will vary depending upon the anode material with the optimum value 

25 being obtainable by persons skilled in the art without undue experimentation once aware of this disclosure. 
For instance, with a DSA© anode the preferred potential is +0.6 to +1.4 volts versus a saturated calomel 
electrode. For reticulated vitreous carbon, the potential is +1.0 to 1.5 volts versus a saturated calomel 
electrode. For platinum-iridium on titanium, the potential is +0.6 to + 1,1 volts versus a saturated calomel 
electrode, and for graphite it is +0.8 to 1.2 volts versus a saturated calomel electrode. 

30 + In the cathodic compartment, the desired reactions are as follows: 
Fe* 3 + e~ — Fe* 2 
and 

Fe* 2 + 2e~ — Fe°. 

The reactions in the cathodic compartment of the cell are sometimes accompanied by the following 
35 competing reaction: 
2H* + 2e~ - H 2 . 

As discussed above, the charge neutrality in each compartment of the cell is maintained by the transfer 
of ions across the ion exchange membrane. In particular, with the anion exchange membrane neutrality is 
accomplished by the transfer of Cl~ ions from the cathodic compartment to the anodic compartment. This 
40 0\~ transfer is equivalent to the amount required to bring the total Cl~ back to Ni in the anodic chamber 
after the dilution with (N'i-3Mi)HCI. 

In the event that the ferric chloride composition must be regenerated after about 14 Mi of the original 
ferric ion concentration has been used to etch in order to maintain satisfactory etch rate, the composition of 
the spent etchant will then be 3/4 (M;) ferric ion plus 3/8 (Mi) ferrous ion plus Ni chloride ion plus (N1-3M1) 
45 H (as HCI). 

In order to bring the combined concentration of ferric ions and ferrous ions to Mi, this spent 
composition would be diluted with 1/8 (Vi) liters of (N,-3Mi)HCI. Then Vi liters of the diluted etchant is 
transferred to the anodic compartment of the electrolytic cell. If desired, the catholyte in the cathodic 
compartment can be composed of the 1/8 Vi liters which is the remainder of the diluted etchant 

so composition, together with 7/8 (Vi ) liters of Ni HCI to bring the total catholyte volume to Vi . 

However, it is not necessary to employ the above types of compositions as the catholyte since the 
process of the present invention can be carried out employing any useful or sacrificial catholyte composi- 
tion. In fact, one of the reaction at the cathode is not especially efficient in that the E 0 value for the reaction 
of ferrous ions to iron metal is extremely negative, about -0.71 volts versus a saturated calomel electrode. 

55 This results in a efficiency at the cathode of about 25% for the ferrous to iron metal reaction. Another 
reaction that occurs at the cathode is the reduction of ferric to ferrous ions. Accordingly, other catholyte 
compositions could be employed such as using an acid waste stream (neutralization). A further catholyte 
composition is to employ a spent copper plating or etchant composition for copper to plate out copper from 
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the composition. The particular reaction involved in such is as follows: 
• Cu +2 + 2e" — Cu°. 

The regeneration carried out pursuant to the present invention can be performed under galvanostatic or 
potentiostatic control. In either case, anodic potential can be monitored via a reference electrode and 
5 prevented from exceeding preset limits by direct potential control or by reducing current flow as the limit is 
approached. This, in turn, prevents undesirable side reactions such as chlorine evolution. It is preferred, in 
accordance with the present invention, to provide turbulent flow of the anolyte near the anode surface to 
achieve highest reaction rate and efficiency. 

In a plate and frame flow cell with an interelectrode gap of 0.5 to 5 mm, the flow rate typically ranges 
io from about 25 to about 75 liters per minute per square meter of anode area. 

In addition, the temperature of the anolyte is usually about 20 °C to about 75 * C and preferably about 
25° C to about 45° C. Also, it is preferred to carry out the entire process with a cell voltage of about 3 volts 
to about 10 volts. 

In addition, it is preferred to employ multiple cells stacked in series whereby the anolyte and catholyte 
15 solutions are recirculated through the anodic and cathodic compartments, respectively, of the cells multiple 
times until full regeneration is complete. The stacked plate and frame cell design provides for narrow 
electrode spacing, turbulent solution flow, and a high electrode area. 

It has been observed that the preferred cell configurations employed by the present invention provide 
for the high efficiency and high reaction rates achieved by the present invention. 
20 In addition, it is preferred in a plate and frame cell configuration that the electrode to membrane 
spacing be about 0.5 to about 20 mm. 

In addition, the ion exchange membrane is usually about 0.05 mm to about 2 mm thick and preferably 
about 0.1 mm to about 0.2 mm thick. 

The preferred compositions regenerated, according to the present invention, have an original composi- £ 
25 tion before etching of about 5 to about 250 grams/liter of ferric ion, 0 to about 10 grams/liter of ferrous ion, 

and about 25 to about 500 grams/liter of chloride ion. Also, such compositions typically contain about 0.1 to y 
3 molar (about 5 to 100 grams/liter) HO. Values of ferric and ferrous ions in the vicinity of the low end of * 
the range (e.g. - 5 grams/liter and 0 grams/liter, respectively) are typical for flash or microetchants. Values 
of ferric and ferrous ions in the vicinity of the upper end of the above ranges (about 250 grams/liter and 10 
30 grams/liter) are typical for high speed etchants. 

Typical spent compositions contain about 2 to about 200 grams/liter of ferric ions and about 2 to about 
75 grams/liter of ferrous ions depending upon the composition of the composition prior to etching. Values in 
the vicinity of the low end are typical of spent flash etchants and those in the vicinity of the upper end are 
typical of spent high speed etchants. For instance, typical spent high speed etchants contain about 100 to 
35 about 200 grams/liter of ferric ions and about 25 to about 75 grams/liter of ferrous ions. 

The following non-limiting examples are presented to further illustrate the present invention: 



Example 1 

40 

A 10 liter volume spent ferric chloride etching composition containing about 175 grams/liter of ferric 
ions and about 67 grams/liter of ferrous ions is diluted with HCI to reduce the total iron content (ferrous and 
ferric ions) down to the original value of 220 grams/liter. About 10 liters of this diluted etchant composition 

45 is then introduced into the anode compartment of a two-chamber plate and frame type electrolytic flow cell. 
The catholyte introduced into the cathode compartment of the cell is the excess 1 liter of the diluted spent 
ferric chloride composition and about 9 liters of aqueous HCI of about 70 grams/liter HCI (about 2 normal). 

The anode of the cell is DSA® oxygen pH<2 and the cathode is graphite felt. The size of the cathode is 
about 100 cm 2 and the size of the anode is about 100 cm 2 . The ion exchange membrane is Neosepta AFN- 

so 32. The flow rate of the anolyte into the cell is about 1.1 liter/minute and the temperature of each is about 
30° C. 

The flow rate of the catholyte is about 2.6 liters/minute and the temperature of each is about 30° C. The 
current density at the anode is maintained at about 8 amp/dm 2 and the potential at the anode is monitored 
and is seen to be between +0.6 and +0.7 volts versus a saturated calomel electrode during the entire 
55 regeneration. 

The regeneration is continued for about 4 hours, at which time a ferric chloride etchant composition 
containing about 220 grams/liter of ferric ions and only up to 1 gram/liter of ferrous ions is obtained. The 
efficiency of the anodic reaction to achieve the regeneration of ferric ions is about 100%. In the cathode 
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compartment ferric ion is converted to ferrous ion and ferrous ion is converted to ferric metal, while 
hydrogen ion is converted to hydrogen gas. 

The regenerated etchant composition exhibits a redox potential higher than that of the fresh etchant and 
performs at least as well as and, in some cases, better than fresh etchant. This may be due to the fact that 
fresh etchant typically contains about 5 grams/liter to about 10 grams/liter of ferrous ion, while the fully 
regenerated etchant composition contains as little as about 1 gram/liter of ferrous ion. The spent etchant 
compositions can be regenerated and reused at least 10 times sequentially and no etch rate decay has 
been observed for at least the first 7 regeneration-reuse cycles when etching stainless steel containing 14% 
chromium. 

The following table illustrates the redox potentials of the fresh, spent, and regenerated etchants: 



15 



20 



25 





OXYGEN REDOX POTENTIAL 


Etchant 


(Volts vs. Ag/AgCI reference. The 
working electrode is platinum) 


Fresh 
Spent 

Regenerated 


620-630 
520-550 
650-690 



Example 2 



Example 1 is repeated, except that the ion exchange membrane is ESC 7001. The results achieved are 
similar to those of Example 1, except that they are not quite as good in that the efficiency of the 
regeneration reaction is slightly less due to a selectivity of the membrane to ferric ion of about 97% as 
30 compared to 100% in Example 1. 



Example 3 



35 



Example 1 is repeated, except that the ion exchange membrane employed is lonac. The results 
achieved are similar to those of Example 2. 



40 



Example 4 



45 



Example 1 is repeated, except that the anode employed is a platinum-iridium. The results achieved are 
similar to those of Example 1. 



Example 5 
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Example 1 is repeated, except that the catholyte is a hydrochloric acid solution containing about 70 
grams/liter of chloride ions. The results achieved are similar to those of Example 1. The pH of the acid in 
the catholyte is observed to increase due to hydrogen evolution. 



55 



Example 6 



Example 1 is repeated, except that the catholyte composition is a spent acid copper plating bath 
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composition containing about 16 grams/liter of cuprous ions. The results achieved are similar to those of 
Example 1. Copper is plated on the cathode at high efficiency during regeneration. 



1. A method for regenerating a spent ferric chloride etching composition without generating chlorine gas 
which comprises: 

providing an electrolysis cell having an anode compartment containing an anode, a cathode compartment 
containing a cathode, and an anion-exchange membrane separating the cathode compartment from the 
anode compartment; 

introducing spent ferric chloride etching composition into the anode compartment and introducing a 
catholyte composition in said cathode compartment; 

said spent ferric chloride etching composition having a total iron content that is at least substantially equal 
to the original total iron content of original ferric chloride etching composition before etching; 
applying a voltage of +0.6 volts to +1.5 volts versus a saturated calomel electrode to said anode to 
thereby regenerate the spent ferric chloride etching composition. 

2. The method of claim 1 wherein said spent ferric chloride is diluted with water and HCI, preferably by 
about 1/10 to about 1/4 by volume, to obtain said total iron content. 

3. The method of any one of the preceding claims wherein said catholyte includes excess diluted spent 
ferric chloride and HCL 

4. The method of any one of the preceding claims wherein the anode is platinum and iridium oxide on 
titanium substrate. 

5. The method of any one of the preceding claims wherein the cathode is graphite felt. 

6. The method of any one of the preceding claims wherein the flow rate of the anolyte to the cell is 
about 10 to about 200 liter/minute. 

7. The method of any one of the preceding claims wherein the temperature of the anolyte is about 
20 °C to about 75' C. 

8. The method of any one of the preceding claims wherein the cell voltage is about 3 to about 20 volts. 

9. The method of any one of the preceding claims being carried out in at least two cells stacked in 
series. 

10. The method of any one of the preceding claims wherein said membrane is polydivinyl benzene 
having quaternary or tertiary ammonium salt ion exchange groups. 



Claims 
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